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(57) ABSTRACT

A system, apparatus, and method for displaying a 3D image
and a location tracking device are provided. A location track-
ing unit receives an image frame acquired by capturing an
image of a user, detects a location of the user using the
received image frame, calculates a movement velocity of the
user using the detected location of the user and at least one of
previously detected locations of the user, predicts a location
of the user at time point which a predetermined time elapses
using the detected location of the user and the calculated
movement velocity, and calculates a 3D image change
amount based on the predicted location of the user. An image
processing unit performs a control operation to display a 3D
image based on the calculated 3D image change amount.
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SYSTEM, APPARATUS, AND METHOD FOR
DISPLAYING 3-DIMENSIONAL IMAGE AND
LOCATION TRACKING DEVICE

This application claims the benefit of Korean Patent Appli-
cation No. 10-2010-0076495, filed on Aug. 9, 2010, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system, apparatus, and
method for displaying a 3-dimensional image and a location
tracking device, and more particularly, to a glassless 3D dis-
play.

2. Discussion of the Related Art

In recent years, display technology for representing 3-Di-
mensional (3D) images has been studied and utilized in a
variety of fields. In particular, electronic devices for display-
ing 3D images using 3D display technology have been a focus
of attention.

3D display technology uses a binocular disparity based
method that provides stereoscopic sensation to the user using
different views of the left and right eyes. 3D display technol-
ogy is classified into a shutter glass method, a glassless
method, and a complete stereoscopic method. However, the
shutter glass method has a drawback in that a user must wear
additional equipment such as polarizing glasses and the glass-
less method has a drawback in that a user can view a 3D image
only from a particular position. Due to these drawbacks of the
shutter glass method and the glassless method, the complete
stereoscopic method has been actively studied recently.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a system,
apparatus, and method for displaying a 3-dimensional image
and a location tracking device that substantially obviate one
or more problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide a system,
apparatus, and method for displaying a 3-dimensional (3D)
image and a location tracking device for extending viewing
angle.

Another object of the present invention is to provide a
system, apparatus, and method for displaying a 3D image and
alocation tracking device for preventing the occurrence of 3D
image flickering and crosstalk when the user is in motion.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a 3-dimensional (3D) display
method may include sensing a user, obtaining, based on the
sensed information, user location information about location
of'the user, calculating, using the obtained user location infor-
mation, user location prediction information about a pre-
dicted location of the user, calculating a 3D image change
amount according to the calculated user location prediction
information and displaying a 3D image based on the calcu-
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2

lated 3D image change amount. Here, the sensed information
may include at least one of a captured image, a distance value
sensed via infrared light or a distance value sensed via radio
wave. The 3D image change amount may be one of a pixel
displacement and a sub-pixel displacement. The sensing the
user includes capturing an image of the user. The obtaining
the user location information includes detecting a location of
the user using an image frame included in a captured image.
The calculating the user location prediction information
includes calculating a movement velocity of the user using a
detected location of the user and at least one of previously
detected locations of the user and predicting a location of the
user at a time point which a predetermined time elapses using
the detected location of the user and the calculated movement
velocity.

In another aspect of the present invention, a 3-dimensional
(3D) display method may include capturing an image of a
user, detecting a location of the user using an image frame
included in the captured image, calculating a movement
velocity of the user using the detected location of the user and
at least one of previously detected locations of the user, pre-
dicting a location of the user at a time point which a prede-
termined time elapses using the detected location of the user
and the calculated movement velocity, calculating a 3D image
change amount based on the predicted location of the user,
and displaying a 3D image based on the calculated 3D image
change amount. Here, the 3D image change amount may be
one of a pixel displacement and a sub-pixel displacement.

Preferably, the displaying may include displaying the 3D
image by moving one of a pixel position at which a pixel color
included in the 3D image is displayed or a sub-pixel position
at which a sub-pixel color included in the 3D image is dis-
played according to the 3D image change amount.

Preferably, the predicting may include predicting a loca-
tion of the user at one or more time points between when the
predetermined time elapses and when an image frame next to
the image frame is captured.

Preferably, the predicting may include predicting a loca-
tion of the user at each time point at intervals of a predeter-
mined period between when the predetermined time elapses
and when an image frame next to the image frame is captured.

Preferably, the predetermined period may be less than a
period at intervals of which the 3D image changes.

Preferably, the predetermined time may be a time that
elapses until the 3D image is displayed after the image frame
is captured.

Preferably, the 3D image may be a 2-view image or a
multi-view image.

Preferably, the 3D display method may further include
generating a view mask for the 3D image, and determining a
final color of a sub-pixel using both the generated view mask
and a color of a sub-pixel of a view image included in the 3D
image.

Preferably, the displaying may include displaying the final
color of the sub-pixel at a sub-pixel located at a position to
which the sub-pixel has moved according to the 3D image
change amount.

In another aspect of the present invention, a 3-dimensional
(3D) display apparatus may include a location tracking unit
configured to receive an image frame acquired by capturing
an image of a user, detect a location of the user using the
received image frame, calculate a movement velocity of the
user using the detected location of the user and at least one of
previously detected locations of the user, predict a location of
the user after a predetermined time elapses using the detected
location of the user and the calculated movement velocity,
and calculate a 3D image change amount based on the pre-
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dicted location of the user, and an image processing unit
configured to control to display a 3D image based on the
calculated 3D image change amount. Here, the 3D change
amount may be one of a pixel displacement and a sub-pixel
displacement.

Preferably, the image processing unit may perform a con-
trol operation to display the 3D image by moving one of a
pixel position at which a pixel color included in the 3D image
is displayed or a sub-pixel position at which a sub-pixel color
included in the 3D image is displayed according to the 3D
image change amount.

Preferably, the location tracking unit may predict a location
of the user at one or more time points between when the
predetermined time elapses and when an image frame next to
the image frame is captured and calculate a 3D image change
amount using the predicted location of the user.

Preferably, the location tracking unit may predict locations
of'the user at intervals of a specific period between when the
predetermined time elapses and when an image frame next to
the image frame is captured and calculate a 3D image change
amount of each of the predicted locations of the user.

Preferably, the specific period may be less than a period at
intervals of which the 3D image changes.

Preferably, the predetermined time may be a time that
elapses until the 3D image is displayed after the image frame
is captured.

Preferably, the 3D image may be a 2 view image or a
multi-view image.

Preferably, the image processing unit may generate a view
mask for the 3D image and determine a final color of a
sub-pixel using both the generated view mask and a color of
a sub-pixel of a view image included in the 3D image.

Preferably, the image processing unit may perform a con-
trol operation to display the final color of the sub-pixel at a
sub-pixel located at a position to which the sub-pixel has
moved according to the 3D image change amount.

In further aspect of the present invention, a 3-dimensional
(3D) display system may include a camera configured to
capture an image of a user, a location tracking unit configured
to detect a location of the user using an image frame included
in the captured image, calculate a movement velocity of the
user using the detected location of the user and at least one of
previously detected locations of the user, predict a location of
the user after a predetermined time elapses using the detected
location of the user and the calculated movement velocity,
and calculate a 3D image change amount based on the pre-
dicted location of the user, an image processing device con-
figured to perform a control operation to display a 3D image
based on the calculated 3D image change amount, and a
display device configured to display the 3D image.

In another aspect of the present invention, a location track-
ing device may include a location tracking unit configured to
receive an image frame acquired by capturing an image of a
user and detect a location of the user using the received image
frame, a velocity calculator configured to calculate a move-
ment velocity of the user using the detected location of the
user and at least one of previously detected locations of the
user, a location estimator configured to predict a location of
the user at a time point which a predetermined time elapses
using the detected location of the user and the calculated
movement velocity, and a change amount calculator config-
ured to calculate a 3D image change amount based on the
predicted location of the user and output the calculated 3D
image change amount.

It is to be understood that both the foregoing general
description and the following detailed description of the
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4

present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a block diagram showing a configuration of a
preferred embodiment of a 3D display system according to
the present invention;

FIG. 2 is a flow chart illustrating a procedure for perform-
ing a 3D display method according to a preferred embodi-
ment of the present invention;

FIG. 3 illustrates a 3D image change amount calculated
according to user location change;

FIGS. 4A to 4D illustrate image frames that a 3D display
system acquires by capturing an image of a user according to
the present invention;

FIGS. 5A and 5B illustrate change of a displayed 3D image
depending on the location of a user;

FIGS. 6A and 6B illustrate change ofa displayed 3D image
depending on the location of the user in a barrier scheme;

FIG. 7 is a block diagram illustrating a configuration of a
preferred embodiment of a location tracking device accord-
ing to the present invention;

FIG. 8 is a block diagram illustrating a configuration of a
preferred embodiment of the 3D image processing device;
and

FIG. 9 illustrates a graph of a function W(x).

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the invention, which can
achieve the above objects, will now be described with refer-
ence to the accompanying drawings. The configuration and
operation of the invention, illustrated in the drawings and
described below with reference to the drawings, will be
described using at least one embodiment without limiting the
spirit and the essential configuration and operation of the
invention.

Although most terms of elements in the present invention
have been selected from general ones widely used in the art
taking into consideration their functions in the invention, the
terms may be changed depending on the intention or conven-
tion of those skilled in the art or the introduction of new
technology. Some terms have been arbitrarily selected by the
applicant and their meanings are explained in detail in the
following description as needed. Thus, the definitions of the
terms used in the invention should be determined based on the
whole content of this specification together with the intended
meanings of the terms rather than their simple names or
meanings.

FIG. 1 is a block diagram showing a configuration of a
preferred embodiment of a 3D display system according to
the present invention.

As shown in FIG. 1, the 3D display system 100 according
to the present invention may include a camera 110, a 3D
image processing system 120, and a display device 130. The
3D display system 100 may be a personal computer such as a
desktop, laptop, tablet, or handheld computer. The 3D display
system 100 may be a mobile terminal such as a mobile phone,
a smartphone, a digital broadcast terminal, a Personal Digital
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Assistant (PDA), a Portable Multimedia Player (PMP), or a
navigation terminal and may also be a stationary household
appliance such as a digital TV. The 3D display system 100
may further include at least one of a camera 110, an infrared
radiation distance measurement device or a radio wave dis-
tance measurement device as a device for sensing a location
ofauser. The infrared radiation distance measurement device
outputs infrared radiation, receives the infrared radiation
reflected by the user and senses a distance value of the user
using the received infrared radiation. The radio wave distance
measurement device receives radio wave output by a device
attached with the user and senses a distance value of the user
using the received radio wave.

The camera 110 captures an image of a user. The camera
110 may have various frame rates (in Hertz) and output an
image frame acquired by capturing an image of the user to the
3D image processing system 120 according to a set or given
frame rate. When the frame rate of the camera 110 has been
setto 25 Hz, the camera 110 may capture 25 image frames per
second and output the captured image frames to the 3D image
processing system 120.

The 3D image processing system 120 predicts a location of
the user after a predetermined time through the image frames
output from the camera 110 and performs a control operation
to display a 3D image according to the predicted location. The
3D image processing system 120 may include a location
tracking device 121 and a 3D image processing device 122.
The 3D image processing system 120 may be implemented as
one product. For example, the 3D image processing system
120 may be implemented as a set-top box.

The location tracking device 121 receives image frames
acquired by capturing an image of the user from the camera
110 and detects alocation of the user using the received image
frames. The location tracking device 121 calculates a move-
ment velocity of the user using the detected location of the
user and at least one of previously detected locations of the
user. The location tracking device 121 predicts a location of
the user after a predetermined time elapses using the calcu-
lated movement velocity and the detected location of the user
and calculates a 3D image change amount based on the pre-
dicted user location.

The location tracking device 121 may be implemented as
one module and the location tracking device module may be
inserted into the 3D image processing device 122 to be pro-
vided as a single product. The 3D image processing system
120 may perform functions of the location tracking device
121 by executing a program, which performs the functions of
the location tracking device 121, through a controller.

The 3D image processing device 122 performs a control
operation to display a 3D image based on the 3D image
change amount calculated by the location tracking device
121. The 3D image processing device 122 may be a broadcast
receiver that encodes a received 3D image signal or a stored
3D image file. The broadcast receiver may be a broadcast
receiver that can receive broadcasts transmitted through ter-
restrial waves, satellites, or cables and broadcasts transmitted
through the Internet.

The broadcast receiver may be a broadcast receiver that can
provide an Internet service to the user. The Internet services
may be any service that can be provided through the Internet,
including a Content on Demand (CoD) service, a YouTube
service, an information service such as a weather, news, local
information, or search service, an entertainment service such
as a game service or a song room (karaoke) service, or a
communication service such as a TV mail service or a TV

10

15

20

25

30

35

40

45

50

55

60

65

6

Short Message Service (SMS) service. Thus, in the present
invention, the broadcast receiver includes a network TV, a
web TV, and a broadband TV.

The broadcast receiver may be a smart TV that may receive
an application from the server through a network and then
may install and execute the application.

A broadcast service may include not only a broadcast ser-
vice that is provided through terrestrial waves, satellites and
cables but also an Internet service. The broadcast service may
provide not only a 2D image but also a 3D image. The 3D
image may be 2-view or a multi-view image. The multi-view
image includes a plurality of images acquired by capturing
the same subject using a plurality of cameras having specific
distances and angles and an image captured through each
camera is defined as a view image.

The display device 130 displays a 3D image under control
of the 3D image processing system 120. The display device
130 may be a multi-view barrier-based glassless 3D display
and may be a lenticular-based glassless 3D display. The dis-
play device 130 may be implemented as an independent prod-
uct and may also be implemented integrally with the 3D
image processing system 120 or the 3D image processing
device 122. The display device 130 may be a glassless 3D
display whose view format is sub-pixel-based or pixel-based.

FIG. 2 is a flow chart illustrating a procedure for perform-
ing a 3D display method according to a preferred embodi-
ment of the present invention.

As shown in FIG. 2, the camera 110 captures images of the
user (S200). The camera 110 may capture images of the user
according to a set frame rate or a given frame rate and may
continuously output the captured images to the 3D image
processing system 120 in real time.

The 3D image processing system 120 detects a location of
the user using image frames included in the images captured
by the camera 110 (S210). Here, the 3D image processing
system 120 may obtain a user location information about the
detected location of the user.

The 3D image processing system 120 calculates a move-
ment velocity of the user using the obtained user location
information (S220). The obtained user location information
indicates the detected location of the user and at least one of
previously detected locations of the user. That is, the 3D
image processing system 120 may calculate the movement
velocity of the user using the detected location of the user and
at least one of previously detected locations of the user. Here,
in one embodiment, the 3D image processing system 120 may
calculate a distance between the currently detected location
of'the user and a previously detected location of the user and
a movement direction of the user based on the currently
detected location of the user and the previously detected
location of the user and then may calculate a movement
velocity of the user by dividing the calculated distance by a
time interval between each image frame capture. In another
embodiment, the 3D image processing system 120 may
obtain a vector sum of the currently calculated velocity and at
least one of previous calculated velocities.

The 3D image processing system 120 calculates user loca-
tion prediction information using the obtained user location
information and the calculated movement velocity (S230).
Theuser location prediction information indicates a predicted
location of the user. For example, the user location prediction
information may indicate a user location at a time point which
a predetermined time elapses. The 3D image processing sys-
tem 120 predicts a user location at a time point which a
predetermined time elapses using the detected location and
the calculated movement velocities of the user. Here, the 3D
image processing system 120 may predict the location of the
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user at each specific time between each image frame capture
time and may predict the location of the user at intervals of a
predetermined period.

The 3D image processing system 120 may predict a loca-
tion of the user at each specific time between when a prede-
termined time elapses after the image frame is captured and
when a next image frame is captured and may predict a
location of the user at intervals of a specific period. Here, the
predetermined time may be a time that elapses until a 3D
image is displayed according to a 3D image change amount
calculated based on the location of the user predicted using
the image frame after the image frame is captured. The spe-
cific period may be less than a period at intervals of which the
display location of the 3D image changes.

The 3D image processing system 120 calculates a 3D
image change amount according to the calculated user loca-
tion prediction information (S240). The 3D image processing
system 120 calculates a 3D image change amount based on
the predicted location of the user indicated by the user loca-
tion prediction information. The 3D image change amount
may be one of a pixel displacement or a sub-pixel displace-
ment.

The 3D image processing system 120 generates a view
mask for a 3D image (S250).

The 3D image processing system 120 determines a final
color of each sub-pixel of each view image included in the 3D
image using the current color of the sub-pixel and the gener-
ated view mask (5260).

The 3D image processing system 120 controls the display
device 130 so as to display the 3D image based on the calcu-
lated 3D image change amount (S270). The display device
130 may display the 3D image by moving pixel positions, at
which pixel colors of the 3D image are displayed, by the
calculated 3D image change amount from their original posi-
tions. In addition, the display device 130 may display the 3D
image by moving sub-pixel positions, at which sub-pixel
colors of the 3D image are displayed, by the calculated 3D
image change amount from their original positions. Here, the
sub-pixel colors of the 3D image may be final colors calcu-
lated in step S260.

FIG. 3 illustrates a 3D image change amount calculated
according to user location change.

As shown in FIG. 3, when a user moves from a location 330
to a location 340, a displacement h of a sightline location on
the display panel 310 may be calculated from the following
Expression 1.

h=H*d/D [Expression 1]

Here, “H” denotes a head displacement of the user, “D”
denotes a viewing distance between a 3D image filter 320 and
the eyes of the user, and “d” denotes an interval between the
display panel 310 and the 3D image filter 320.

When the user moves from the location 330 to the location
340, a pixel displacement P, which is an example of the 3D
image change amount, may be calculated from the following
Expression 2.

P=Mod*,0) [Expression 2]

Here, Q is a 3D image pixel period.

FIGS. 4A to 4D illustrate image frames that a 3D display
system acquires by capturing an image of a user according to
the present invention.

As shown in FIGS. 4A to 4D, the 3D image processing
system 120 may detect a location 421 of the user using an
image frame 420. The 3D image processing system 120 may
recognize a face region in the image frame 420 to detect a
location 421 of the user. Here, the 3D image processing
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8

system 120 may recognize a face region using an algorithm
which uses face symmetry, an algorithm which uses hair color
and face color, and an algorithm which uses face profile. The
3D image processing system 120 may calculate skin color
information from the image frame 420 to recognize a face
region.

The 3D image processing system 120 may calculate a
movement velocity V of the user using the detected location
of'the user 421 and a previously detected location of the user
411 according to the following Expression 3.

V=H/T [Expression 3]

Here, “H” denotes a distance between the detected location
of the user 421 and the previously detected location of the
user 411 and “T” denotes a time interval between when the
image frame 410 is captured and when the image frame 420 is
captured.

The 3D image processing system 120 may calculate a
location of the user after a predetermined time elapses using
the detected user location 421 and the movement velocity V
according to the following algorithm.

[Algorithm 1]

for (k=1, k, N+1, k++)

{user location at delay time+kt}

Here, “delay time” is a predetermined time and the delay
time may be a delay time caused by at least one of a camera
capture delay, a detecting process delay, and an image driver
frame rate delay.

In addition, “t” may be determined based on the following
Expression 4.

=(1/M)/N [Expression 4]

Here, “M” is a maximum frame rate of the camera and “N”
may be determined based on the following Expression 5.

N>(VE)/T [Expression 5]

Here, “T” is a threshold head location change which causes
an image change.

The location P of the user at time “delay time+kt” may be
calculated based on the following Expression 6.

P=P+VT [Expression 6]

Here, “P,” is a detected location of the user and “T” is
“delay time+kt”.

According to the algorithm 1, the 3D image processing
system 120 may predict N locations of the user at intervals of
the time “t” during an image frame capture interval. When a
camera which captures images at a frame rate of M Hz is used,
it is possible to achieve the same effects as when a camera
which captures images at a frame rate of M*N Hz is used.

At the time point when an image frame 430 is captured, the
3D image processing system 120 detects a location 431 of the
user and may calculate a movement velocity of the user using
at least one of the previously detected locations 411 and 421
of the user.

In addition, at the time point when an image frame 440 is
captured, the 3D image processing system 120 detects a loca-
tion 441 of the user and may calculate a movement velocity of
the user using at least one of the previously detected locations
411, 421, and 431 of the user.

The 3D image processing system 120 may calculate a pixel
displacement at a specific time based on a user location pre-
dicted at the specific time using Expressions 1 and 2. As
shown in FIG. 5A, when the user is located at a location 510,
aright-eye image R is displayed at a location 511 on a display
panel. As shown in FIG. 5B, the 3D image processing system
120 predicts a location 520 of the user to which the user is to



US 9,197,884 B2

9

move at a specific time and calculates a pixel displacement 1
according to the predicted location 520. When the user has
moved from the location 510 to the location 520, the 3D
image processing system 120 performs a control operation to
move a 3D image according to the pixel displacement 1
calculated for the specific time and to display a left-eye image
L at the location 511 on the display panel.

FIGS. 6 A and 6B illustrate change of adisplayed 3D image
depending on the location of the user in a barrier scheme.

As shown in FIGS. 6A and 6B, a barrier type 3D display
may include a display panel 1 which displays parallax images
including a mixture of a left-eye image L and a right-eye
image R and a parallax barrier 2 on which transparent regions
3 and non-transparent regions 4 are arranged at specific inter-
vals for providing a 3D image to the user using such multi-
view images.

The parallax barrier 2 may be arranged in front of the
display panel 1 at a specific distance from the display panel 1
and the transparent regions 3 and the non-transparent regions
4 may be alternately arranged in a horizontal direction. The
parallax barrier 2 may be implemented as a flat panel display
such as an LCD panel.

When the user views parallax images corresponding to a
lefteye L and a right eye R of the user, which are displayed on
the display panel 1, through the parallax barrier 2, the user
separately views the left-eye image [ and the right-eye image
R provided from the display panel 1 to achieve a stereoscopic
effect.

When the user is located at a location 610, a right-eye
image R is displayed on the display panel 1 at the left side of
a location 610 corresponding to the location 610 of the user
and a left-eye image L is displayed on the display panel 1 at
the right side of the location 610.

When the user is expected to move from the location 610 to
a location 620, the 3D image processing system 120 previ-
ously calculates a 3D image change amount which allows a
left-eye image L. to be displayed at the left side of the location
610 on the display panel 1 and allows a right-eye image R to
be displayed at the right side. At the time when the user is
located at the location 620, the 3D image processing system
120 may control the display panel 1 to display a left-eye
image [ atthe left side ofthe location 610 on the display panel
1 and to display a right-eye image R at the right side.

FIG. 7 is a block diagram illustrating a configuration of a
preferred embodiment of a location tracking device accord-
ing to the present invention.

As shown in FIG. 7, the location tracking device 121 may
include a location detector 710, a velocity calculator 720, a
location estimator 730, and a change amount calculator 740.
The location detector 710 obtains user location information
about a location of a user based on the sensed information.
The sensed information may include at least one of image
captured by camera (110), distance value sensed by the infra-
red radiation distance measurement device or distance value
sensed by a radio wave distance measurement device. The
location detector 710 receives an image frame acquired
through image capture of the user and detects a location of the
user using the received image frame. The location detector
710 may detect the location of the user by recognizing a face
region. The location detector 710 may recognize the face
region based on an algorithm which uses face symmetry, an
algorithm which uses hair color and face color, and an algo-
rithm which uses face profile. The location detector 710 may
calculate skin color information from the image frame to
recognize a face region.

The velocity calculator 720 calculates a movement veloc-
ity of the user using the detected location of the user and at
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least one of previously detected locations of the user. The
velocity calculator 720 may calculate the movement velocity
using Expression 3.

The location estimator 730 predicts the location of the user
at a time point which a predetermined time elapses using the
detected location of the user and the calculated movement
velocity. The location estimator 730 may predict respective
locations of the user at N time points between each image
frame capture time using algorithm 1 and Expression 6.

The change amount calculator 740 calculates a 3D image
change amount based on the predicted location ofthe user and
outputs the calculated 3D image change amount. The change
amount calculator 740 calculates a 3D image change amount
to allow a 3D image to be displayed appropriately at the
location predicted by the location estimator 730 using
Expression 1 and Expression 2. The change amount calcula-
tor 740 may then output the calculated 3D image change
amount to the 3D image processing device 122. Here, the 3D
image change amount may be one of a pixel displacement and
a sub-pixel displacement.

FIG. 8 is a block diagram illustrating a configuration of a
preferred embodiment of the 3D image processing device.

As shown in FIG. 8, the 3D image processing device 122
includes a tuner 805, a demodulator 810, a demultiplexer 815,
anetwork interface unit 820, an external signal input unit 825,
a video decoder 830, an audio decoder 835, a controller 840,
a storage unit 845, a buffer 850, a graphics processor 860, and
an image driver 870.

The tuner 805 selects a Radio Frequency (RF) broadcast
signal corresponding to a channel selected by a user from
among RF broadcast signals received through an antenna and
converts the selected RF broadcast signal into an Intermediate
Frequency (IF) signal or a baseband video or audio signal.
The tuner 805 may receive an RF broadcast signal of a single
carrier based on an Advanced Television Systems Committee
(ATSC) method, or an RF broadcast signal of a plurality of
carriers based on a Digital Video Broadcast (DVB) method.

In another embodiment of the present invention, the 3D
image processing device 122 may include at least two tuners.
When the 3D image processing device 122 includes at least
two tuners, the first and second tuners similarly select RF
broadcast signals corresponding to a channel selected by the
user from among RF broadcast signals received through the
antenna and convert the selected RF broadcast signals into IF
signals or baseband video or audio signals.

The second tuner may sequentially select RF broadcast
signals of all broadcast channels, stored via a channel
memory function, from among received RF broadcast signals
and convert the selected RF broadcast signals into IF signals
or baseband video or audio signals. The second tuner may
periodically perform a conversion process on all broadcast
channels. Thus, the 3D image processing device 122 may
display an image of a broadcast signal produced through
conversion by the first tuner while providing a thumbnail of
images of several channels produced through conversion by
the second tuner. In this case, the first tuner may convert a
main RF broadcast signal selected by the user into an IF signal
or baseband video or audio signal, and the second tuner may
sequentially or periodically select all RF broadcast signals
otherthan a main RF broadcast signal and convert the selected
RF broadcast signals into IF signals or baseband video or
audio signals.

The demodulator 810 receives a Digital IF (DIF) signal
produced through conversion by the tuner 805 and demodu-
lates the DIF signal. In one example, if the DIF signal output
from the tuner 805 is an ATSC signal, the demodulator 810
performs 8-Vestigial Side Band (VSB) demodulation on the
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DIF signal. In another example, if the DIF signal output from
the tuner 805 is a DVB signal, the demodulator 810 performs
Coded Orthogonal Frequency Division Multiple Access
(COFDMA) demodulation on the DIF signal.

The demodulator 810 may also perform channel decoding.
For channel decoding, the demodulator 810 may include a
Trellis decoder, a deinterleaver, and a Reed-Solomon decoder
to perform Trellis decoding, deinterleaving, and Reed-So-
lomon decoding, respectively.

After performing demodulation and channel decoding, the
demodulator 810 may output a Transport Stream (TS) signal.
A video signal, an audio signal or a data signal may be
multiplexed in the TS signal. In one example, the TS signal
may be a Moving Picture Experts Group-2 (MPEG-2) TS in
which an MPEG-2 video signal and a Dolby AC-3 audio
signal are multiplexed. More specifically, the MPEG-2 TS
may include a 4-byte header and a 184-byte payload.

The demultiplexer 815 may receive a stream signal from
the demodulator 810, the network interface unit 820 and the
external signal input unit 825. The demultiplexer 815 may
demultiplex the received stream signal into a video signal, an
audio signal and a data signal and output the video signal, the
audio signal and the data signal respectively to the video
decoder 830, the audio decoder 835 and the controller 840.

The video decoder 830 receives the video signal from the
demultiplexer 815 and decodes and stores the received video
signal in the buffer 850. The video signal may include a 3D
image signal.

The audio decoder 835 receives the audio signal from the
demultiplexer 815 and decodes and outputs the received
audio signal to the display device 130.

The network interface unit 820 receives packets from a
network and transmits the packets to the network. More spe-
cifically, the network interface unit 820 receives IP packets
carrying broadcast data from a service provision server
through the network. The broadcast data includes content, an
update message that provides content update notification,
metadata, service information, and software code. The ser-
vice information may include service information regarding a
real-time broadcast service and service information regarding
an Internet service. The Internet service is a service that may
be provided through the Internet such as a Content on
Demand (CoD) service, a YouTube service, an information
service such as a weather, news, local information, or search
service, an entertainment service such as a game service or a
song room (karaoke) service, or a communication service
such as a TV mail service or a TV Short Message Service
(SMYS) service. Thus, in the present embodiment, the digital
broadcast receiver includes a network TV, a Web TV and a
broadband TV. The broadcast service may include not only a
broadcast service that is provided through terrestrial waves,
satellites and cables but also an Internet service.

It the IP packet includes a stream signal, the network inter-
face unit 820 may extract the stream signal from the IP packet
and output the stream signal to the demultiplexer 815.

The external signal input unit 825 may provide an interface
which can connect an external device and the 3D image
processing device 122 to each other. The external device
refers to a variety of types of video or audio output devices,
such as a Digital Versatile Disc (DVD) player, a Blu-ray
player, a game console, a camcorder and a computer (e.g., a
notebook computer). The 3D image processing device 122
may display video and audio signals transmitted from the
external signal input unit 825 and may store or use data
signals.

The controller 840 executes a command and performs an
operation associated with the 3D image processing device
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122. For example, the controller 840 may control data recep-
tion and processing and signal input and output between
components of the 3D image processing device 122 using
commands found in the storage unit 845. The controller 840
may be implemented as a single chip, a plurality of chips, or
a plurality of electric components. For example, a variety of
architectures including a dedicated or embedded processor, a
single purpose processor, a controller, an Application Spe-
cific Integrated Circuit (ASIC), or the like may be used for the
controller 840.

The controller 840 executes computer code together with
an Operating System (OS) and performs operations for gen-
erating and using data. The OS is generally known and there-
fore a detailed description thereof is omitted. An example of
the OS may include Windows OS, Unix, Linux, Palm OS,
DOS, Android, and Mac OS. The OS, other computer code,
and data may be present within the storage unit 845 which is
connected to the controller 840 and which operates under
control of the controller 840.

The storage unit 845 generally provides locations for stor-
ing program code and data used by the 3D image processing
device 122. For example, the storage unit 845 may be imple-
mented as a Read-Only Memory (ROM), a Random Access
Memory (RAM), ahard disk drive, etc. The program code and
data may be stored in a separable storage medium and, when
needed, may be loaded or installed onto the 3D image pro-
cessing device 122. The separable storage medium may
include a CD-ROM, a PC card, a memory card, a floppy disk,
a magnetic tape and a network component.

The graphics processor 860 controls the display device 130
so as to display video data stored in the buffer 850. The
graphics processor 860 may include a mask generator 862
and a multiplexer 863.

The mask generator 862 generates a view mask with
respectto a 3D image. The mask generator 862 may generate
a mask a of each view using the following Expression 7.

al,k=WEK-V) [Expression 7]

Here, ‘i’ denotes a horizontal number of a sub-pixel, ‘V,
denotes a view number of the sub-pixel i when the period of
a 3D image pixel is Q, and ‘K’ is a view number. A graph of a
function W(x) is illustrated in FIG. 9.

The multiplexer 863 may determine a final color of a pixel
using the view mask generated by the mask generator 862.
The multiplexer 863 may determine the final color MC, using
the following Expression 8.

N-1
MC; = Z ali, k)« CG, k)
k=

[Expression 8]

Here, ‘C(i, k)’ denotes the color of the sub-pixel i of an
image of view number k.

The image driver 870 may determine a sub-pixel at which
the final color MC, is to be displayed based on the 3D image
change amount calculated by the location tracking device 121
and output a control signal to the display device 130 so as to
display the final color MC, at the determined sub-pixel. Here,
the final color MC, may be displayed at a sub-pixel located at
aposition to which the sub-pixel i moves according to the 3D
image change amount.

The present invention can be embodied as computer read-
able code stored in a computer readable medium provided in
the image display apparatus. The computer readable medium
includes any type of storage device that stores data which can
be read by a computer. Examples of the computer readable
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medium include Read Only Memory (ROM), Random
Access Memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, optical data storage devices, and so on. The computer
readable medium can also be embodied in the form of carrier
waves (for example, in the form of signals transmitted over
the Internet). The computer readable medium can also be
distributed over a network of coupled computer devices so
that the computer readable code is stored and executed in a
distributed fashion.

As is apparent from the above description, a system, appa-
ratus, and method for displaying a 3-dimensional image and
a location tracking device according to the present invention
have a variety of advantages. For example, it is possible to
extend viewing angle since, when a user is in motion, a
display location of a 3D image is changed according to move-
ment of the user. In addition, it is possible to prevent the
occurrence of 3D image flickering and crosstalk when the
user is in motion since a location of the user is predicted in
advance and a display location of a 3D image is changed
according to the predicted location of the user.

Although the present invention has been illustrated and
described above with reference to the specific embodiments,
the present invention is not limited to the specific preferred
embodiments and it will be apparent to those skilled in the art
that various modifications can be made to the embodiments
without departing from the spirit and scope of the present
invention as disclosed in the accompanying claims and such
modifications are included in the scope of the claims.

What is claimed is:

1. A 3-dimensional (3D) display method comprising:

capturing images of a user;

detecting a current and previous position of the user using

the captured images;
calculating a movement speed of the user using the
detected current and previous position of the user;

estimating a position of the user after a predetermined time
using the detected current position of the user and the
calculated movement speed of the user;

determining a 3D image change amount based on the esti-

mated position of the user;

generating a view mask for the 3D image;

determining a final color of a sub-pixel using both the

generated view mask and a color of a sub-pixel of a view
image included in the 3D image, wherein the view image
is one of the captured images; and

displaying a perceived 3D image based on the determined

3D image change amount and the determined final color
of the sub-pixel,

wherein the 3D image change amount is one of a pixel

displacement or a sub-pixel displacement, and

wherein the predetermined time includes a delay time

caused by all of a camera capture delay, a detecting
process delay and an image driver frame rate delay.

2. The 3D display method according to claim 1, wherein
displaying the perceived 3D image includes displaying the
perceived 3D image by moving, based on the 3D image
change amount, one of a pixel position at which a pixel color
included in the 3D image is displayed or a sub-pixel position
at which a sub-pixel color included in the 3D image is dis-
played.

3. The 3D display method according to claim 1, wherein
estimating a position of the user includes predicting a future
location of the user at at least one time point between when
the predetermined time elapses and when an image frame
next to the image frame is captured.

4. The 3D display method according to claim 1, wherein
estimating a position of the user includes predicting a location
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of the user at each time point at intervals of a predetermined
period between when the predetermined time elapses and
when an image frame next to the image frame is captured.

5. The 4D display method according to claim 4, wherein
the predetermined period is less than a period at intervals of
which the 3D image changes.

6. The 3D display method according to claim 1, wherein
the predetermined time is a time that elapses until the 3D
image is displayed after the image frame is captured.

7. The 3D display method according to claim 1, wherein
the perceived 3D image is a 2-view image or a multi-view
image.

8. The 3D display method according to claim 1, wherein
displaying the perceived 3D image includes displaying the
final color of the sub-pixel at a sub-pixel located at a position
to which the sub-pixel has moved according to the 3D image
change amount.

9. The 3D display method according to claim 1, wherein a
mask o of each view is generated using the following equa-
tion:

a@k=WE-V),

where denotes a horizontal number of a sub-pixel, ‘V,
denotes a view number of the sub-pixel i when a period
of a3D image pixel is Q, and ‘k’ denotes a view number.

10. The 9D display method according to claim 9, wherein

a final color MG is determined using the following equation:

N-1

MC; = Z ali, k)# CG, k),
=

where ‘C(i, k)’ denotes a color of the sub-pixel i of an
image of view number k.

11. The 3D display method according to claim 1, wherein
the view image is an image captured through a plurality of
cameras having specific distances and angles.

12. A 3-dimensional (3D) display apparatus comprising:

a camera to capture images of a user;

a location tracking unit to detect a current and previous
position of the user using a video frame included in the
captured images, to calculate a movement speed of the
user using the detected current and previous position of
the user, to estimate a position of the user after a prede-
termined time using the detected current position of the
user and the calculated movement speed of the user and
to determine a 3D image change amount based on the
estimated position of the user;

amask generator to generate a view mask for the 3D image;

a multiplexer to determine a final color of a sub-pixel using
both the generated view mask and a color of a sub-pixel
of a view image included in the 3D image, wherein the
view image is one of the captured images; and

an image processing unit to control to display a perceived
3D image based on the determined 3D image change
amount and the determined final color of the sub-pixel,

wherein the 3D image change amount is one of a pixel
displacement or a sub-pixel displacement, and

wherein the predetermined time includes a delay time
caused by all of a camera capture delay, a detecting
process delay and an image driver frame rate delay.

13. The 3D display apparatus according to claim 12,

wherein the location tracking unit includes:

a location estimator to predict a future location of the user
at a time point at which the predetermined time elapses
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using the detected current position of the user and the where ‘1” denotes a horizontal number of a sub-pixel, 'V,
calculated movement speed of the user; and denotes a view number of the sub-pixel i when a period
a change amount calculator to determine the 3D image of a3D image pixel is Q, and *k’ denotes a view number.
change amount based on the predicted future location of 16. The 3D display apparatus according to claim 15,

the user, and to output the calculated 3D image change 5 wherein the multipl.exer determines a final color MG using
amourt. the following equation:

14. The 12D display apparatus according to claim 12,
wherein the image processing unit controls to display the N1
perceived 3D image by moving one of a pixel position at MC; = Z i, k)% CG, b,
which a pixel color included in the 3D image is displayed or p
a sub-pixel position at which a sub-pixel color included in the

3D i is displayed, based the 3D i h
amoiﬁllté ge 15 Qisplayed, based on the thage change where ‘C(i, k)’ denotes a color of the sub-pixel i of an

image of view number k.
15 17.The 3D display method according to claim 12, wherein
the view image is an image captured through a plurality of
cameras having specific distances and angles.

15. The 12D display apparatus according to claim 12,
wherein the mask generator generates a mask o of each view
using the following equation:

ali,k=WEK-V), CEE I S



